Background: Some studies have investigated the association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with susceptibility to osteosarcoma; however, these studies results are inconsistent and inconclusive. In order to drive a more precise estimation, the present case-control study and meta-analysis was performed to investigate association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with osteosarcoma. Methods: Eligible articles were identified by a search of several electronic databases for the period up to May 5, 2018. Odds ratios were pooled using either fixed-effects or random effects models. Results: Finally, a total of 24 case-control studies with 2,405 osteosarcoma cases and 3,293 controls were included in the present meta-analysis. Overall, significantly increased osteosarcoma risk was found when all studies were pooled into the meta-analysis of GSTT1 (Null vs. Present: OR= 1.247 95% CI 1.020-1.524, P= 0.031) and GSTP1 polymorphism (B vs. A: OR= 8.899 95% CI 2.722-29.094, P≤0.001). In the stratified, significantly increased osteosarcoma risk was observed for GSTT1 polymorphism among Asians (Null vs. Present: OR= 1.300 95% CI 1.034-1.635, P= 0.025), but not among Caucasians. Conclusions: This meta-analysis demonstrated that GSTP1 and GSTT1 null genotype are associated with the risk of osteosarcoma. Future large welldesigned epidemiological studies are warranted to validate our results.
Introduction
Osteosarcoma is the most common primary malignant bone tumor , which characterized by the production of osteoid or immature bone due to the malignant proliferation of spindle stromal cells. The majority of osteosarcoma cases are sporadic that displays considerable heterogeneity and appears as various clinical entities showing a great span in tumor biology and prognosis (Calvert et al., 2012) . The etiology of osteosarcoma is not well understood, however, recent studies suggest osteosarcoma cancers arise from primitive mesenchymal bone-forming cells. The best known example of an osteosarcoma predisposing factor is probably the exposure to self-luminous paint containing the radioactive substance radium, therapeutic radiation, and Paget disease. Osteosarcoma also occurs in certain genetic syndromes (in 7% of cases) such as Li-Fraumeni syndrome (LFS), Werner Syndrome, 22q11.23, respectively (Pejovic-Milovancevic et al., 2016) . In both genes there is a deletion polymorphism that existing as null alleles, which results in the reduced activity of a functional gene product. It is reported that nearly 50% of the Caucasians carries a homozygous deletion of the GSTM1 gene (null genotype), resulting the lack of functional GSTM1 enzyme activity (Zheng et al., 2003) . GSTM1 or GSTT1 gene deletions are associated with diseases such as infertility, rheumatoid arthritis, systemic sclerosis, Parkinson's disease, diabetes mellitus, and different of malignancies (Cao et al., 2017; Dahabreh et al., 2010; Ying et al., 2013; Zhaoet al., 2017) . Other polymorphic genes of the GST family, in particular GSTM3 and GSTP1 have also been shown to be related to cancer risk modulation (Dahabreh et al., 2010; Ramsay and Dilda, 2014) .
Many studies have shown that genetic variation in GSTs enzymes, including GSTP1 A313G (rs1695, Ile105Val) and homozygous deletions of the active alleles of GSTM1 and GSTT1 (null genotype) have a role in susceptibility to osteosarcoma (Barnette et al., 2004; Li et al., 2015; Lu et al., 2011; Peters et al., 2000; Qu et al., 2016; Salinas-Souza et al., 2010; Yang et al., 2012; Zhang et al., 2012) . However, case-control studies undertaken in different populations gave controversial results, due to small sample size or other causes. Meta-analysis can be used to pool data from these studies to obtain sufficient statistical power to detect the potential effect of small to moderate sizes associated with these polymorphisms. Therefore, we conduct this meta-analysis to deal with these contradictory results and assess whether GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms contribute to the risk of osteosarcoma.
Materials and Methods

Case-Control Study
This case-control study was approved by the institutional Review Board of the Shahid Sadoughi University of Medical Sciences. In addition, all participants were voluntary and would complete the informed consent in written before taking part in this research. Fifty-one patients diagnosed with osteosarcoma were consecutively enrolled in this study between April 2014 and December 2016. All the included cases in this study were histologically confirmed. Sixty age (±4 years) and sex matched controls subjects who had no self-reported history of malignancies were recruited from the general population. Genomic DNA was isolated from peripheral blood leukocytes by using a Roche kit (Mannheim, Germany) in accordance with the manufacturer's protocol, and Extracted DNA was labeled and stored at −20°C until used. Four selected GSTs polymorphisms (GSTM1, GSTT1, GSTM3, and GSTP1) were tested in this study. Genotyping was carried out using the Restriction Fragment Length Polymorphism of polymerase chain reaction (PCR-RFLP) method as described previously (Li et al. 2015; Qu et al. 2016) .
Meta-Analysis Identification and Eligibility of Relevant Studies
We searched electronic databases, including PubMed, EMBASE, ISI Web of Science, and Wanfang database of China, for all studies published up to the May 5, 2018, which had investigated the association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with susceptibility to osteosarcoma. The following terms were used in various combinations in this search: ('"osteosarcoma" OR ''osteogenic sarcoma'' OR ''sarcomas of bones'') AND (''glutathione S-transferase'' OR ''GST'') AND (''GSTM1'' OR '' GSTT1'' OR ''GSTM3'' OR ''GSTP1'') AND ("polymorphism" OR ''SNP'' OR ''mutation'' OR "variant" OR "variation"). References of the retrieved articles and review articles on this topic were also manually checked for additional relevant eligible studies. We selected all studies that had been published in English. If multiple reports were available for a same study population, we included only the most recent or largest case series.
Inclusion and Exclusion Criteria
The inclusion criteria were: (1) studies with case-control and cohort design; (2) studies that examined the association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with osteosarcoma risk; and (3) studies with sufficient information for estimating odds ratio (OR) and their 95% confidence interval (CI). The exclusion criteria were: (1) animal studies; (2) case only studies; (3) Abstracts, reviews, case reports, and commentaries; (4) studies did not report genotype frequencies or which the number of genotypes and alleles could not be ascertained; and (5) studies duplicate of previous publication or containing overlapping data. If studies had overlapping subjects, only the study with the largest population was finally selected. Additionally, we also checked for minor allelic frequency (MAF) among studies by different genotype frequencies in ethnic groups.
Data Extraction
The data from the published studies were extracted independently by two of the authors. For each study, the following variables were collected: first author's name, year of publication, country, ethnicity, sources of cases and controls, number of cases and controls, genotyping methods, allele numbers and genotype distributions in cases and controls, minor allele frequencies (MAFs) in control subjects, and the results of Hardy-Weinberg equilibrium (HWE) test. All disagreements about eligibility were resolved during a consensus meeting with a third reviewer. For studies including subjects of different ethnic groups, we extracted data separately for each ethnic group and categorized as Caucasian, Asian, African and others.
Statistical Analysis
The strengths of the association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with susceptibility to osteosarcoma were assessed by calculating the pooled OR and its 95% confidence interval (CI). The significance of pooled ORs was determined by the Z-test. The pooled
Results
Baseline Characteristics
A flow chart of the literature search is shown in Figure 1 . Finally, a total of 24 case-control studies in nine publications (Barnette et al., 2004; Li et al., 2015; Lu et al., 2011; Peters et al., 2000; Qu et al., 2016; Salinas-Souza et al., 2010; Yang et al., 2012; Zhang et al., 2012) including 2,405 osteosarcoma cases and 3,293 controls were included in the present meta-analysis. The characteristics of the 24 eligible studies are presented in Table 1 and 2. Of the studies included, nine studies with 875 cases and 1,245 controls concerned GSTM1, eight studies with 828 cases and 1,358 controls concerned GSTT1, three studies with 215 cases and 367 controls concerned GSTM3, and four studies with 487 cases and 323 controls concerned GSTP1. Of them, eight case-control studies were undertaken in Caucasians and 16 case-control studies in the Asians. All of the studies indicated that the distribution of genotypes in the controls was consistent with HWE except for two studies of GSTT1 (Table 2) . Table 3 listed the main results of the meta-analysis of GSTM1 polymorphism and osteosarcoma risk. After the nine case-control studies were pooled into meta-analysis, no evidence of a significant association between GSTM1 polymorphisms and osteosarcoma risk was observed (Null vs. Present: OR= 0.924. 95% CI 0.656-1.301, P= 0.651, Figure 2 ). Similarly, no significant association was found in a subgroup analysis by ethnicity among Asians (Null OR was calculated for dominant model, recessive model and allele comparisons. For meta-analysis of GSTM1 and GSTT1 polymorphisms, the pooled ORs were calculated using null vs. present model. For GSTP1 and GSTM3, the pooled ORs were calculated under five genetic models, i.e., allele (B vs. A), homozygote (BB vs. AA), heterozygote (BA vs. BB), dominant (BB+BA vs. AA) and recessive (BB vs. BA+AA). Between-study heterogeneities were estimated using the χ 2 -based Q-test and the heterogeneity was considered significant at P<0.05. In addition, we used the I 2 statistic to quantitatively evaluate heterogeneity (I 2 <25%, low heterogeneity; 25%≤I 2 ≤75%, moderate heterogeneity; I 2 >75%, high heterogeneity). When the heterogeneity was absent (P>0.05 or I 2 <50%), the fixed-effect model was used to pool the data from different studies; otherwise, the random-effects model (DerSimonian and Laird method) was applied. Hardy-Weinberg equilibrium (HWE) of the genotype frequencies in the control group was assessed by the goodness-of-fit χ 2 test. Sensitivity analyses were conducted to identify the effect of individual study on pooled results and to test the reliability of results by deleting a single study each time. Studies not in HWE were subjected to a sensitivity analysis. To determine the presence of publication bias, both Begg's funnel plot (an asymmetrical funnel plot suggested a possible publication bias) and Egger's linear regression test were conducted, and P<0.05 was considered significant. To explore the sources of cross-study heterogeneity, subgroup analysis by ethnicity was performed. All statistical analyses were performed using the CMA 2.0 software (Biostat, USA). Two-sided P<0.05 was considered statistically significant. Table 3 ). Table 3 also listed the main results of the meta-analysis of GSTT1 polymorphism and osteosarcoma risk. When all the eligible studies were pooled into the meta-analysis of GSTT1 polymorphism, significantly increased risk of osteosarcoma was observed (Null vs. Present: OR= 1.247 95% CI 1.020-1.524, P= 0.031). When stratified by ethnicity, a significant association between GSTT1 polymorphism and increased risk of osteosarcoma was detected among Asians (Null vs. Present: OR= 1.300 95% CI 1.034-1.635, P= 0.025), but not among Caucasians. Table 3 ).
Quantitative Data Synthesis GSTM1 and GSTT1 Null Polymorphisms
GSTM3 and GSTP1 Polymorphisms
Publication Bias
We used the Begg's funnel plot and Egger's in order to assess the publication bias of the literature. As shown in Figure 3 , Begg's funnel plots did not reveal any evidence of obvious asymmetry in any of the models for GSTT1 and GSTP1 in the overall and subgroup analyses. Moreover, the results of the Egger's test also did not reveal any evidence of publication bias (Tables 3). However, there was a possible publication bias between GSTM1 polymorphism and osteosarcoma risk in the overall estimation (PBeggs = 0.047; PEggers= 0.008, Figure 3 ). In addition, the Egger's test showed a significant publication bias between GSTP1 polymorphism and osteosarcoma risk in the overall estimation under three genetic models, i.e., allele (PBeggs = 0.296; PEggers= 0.020), homozygote (PBeggs = 0.296; PEggers= 0.026), and recessive (PBeggs = 0.296; PEggers= 0.044). Therefore, we used the Duval and Tweedie non-parametric ''trim and fill'' method to adjust for publication bias. Meta-analysis with and without ''trim and fill'' did not draw different conclusion, indicating that our results were statistically robust.
Sensitivity Analysis
Sensitivity analyses were performed to evaluate the effect of each study on the pooled ORs through sequential removal of individual studies. However, after removing the individual studies the pooled ORs did not significantly altered the pooled ORs for any of the four GSTs genes polymorphisms. Therefore, our results were relatively stable and credible (data not shown).
Heterogeneity Analysis
No significant between-study heterogeneity was observed for GSTT1 and GSTM3 polymorphisms in this meta-analysis. Although, a significant between-study heterogeneity was found for GSTM1 polymorphism in overall estimation (I 2 =66.58%; PH=0.002), and for GSTP1 polymorphism under two genetic models, allele (I 2 =90.07%; PH≤0.001) and homozygote (I 2 =77.12%; PH=0.004). 
Discussion
We conducted the meta-analysis to investigate the association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with susceptibility to osteosarcoma. Overall, our meta-analysis indicates that GSTP1 and GSTT1 polymorphisms are associated with increased lung cancer risk when all eligible studies were pooled into the meta-analysis. Furthermore, subgroup analyses based on ethnicity found that the GSTT1 null genotype was at increased risk of osteosarcoma in Asian. However, we found no evidence of an association in Caucasians, indicating a difference in genetic diversity between different ethnic groups. It should be considered that the apparent inconsistency of these results may underlie differences in lifestyle and GSTs prevalence as well as possible limitations due to the relatively small sample size. Moreover, it is possible that the same SNP in GSTs genes may play different roles in osteosarcoma development, because osteosarcoma is a multifactorial and multi-genetic malignancy, and different genetic backgrounds may contribute to the discrepancy. Our results were consistent with the previous meta-analysis on GSTM1, GSTT1, GSTM3, and GSTP1 polymorphism and osteosarcoma risk (Wang et al., 2015) . However, their findings about these polymorphisms and osteosarcoma risk essentially remains an open field, as the number of studies is considerably smaller than that needed to yield a robust conclusion.
Heterogeneity and publication bias are potentially significant problem when interpreting results of a meta-analysis (Jafari-Nedooshan et al., 2017; Namazi et al., 2015; Sadeghiyeh et al., 2017; Yazdi et al., 2017) . In this meta-analysis, there was significant between-study heterogeneity for GSTM1 and GSTP1 polymorphisms, which might be due low quality studies such as HWE-violating studies. In addition, there was significant publication bias between GSTM1 and GSTP1 polymorphisms and osteosarcoma risk in this meta-analysis. This is a limitation for this meta-analysis because studies with null or negative findings, especially those with small sample size, are less likely to be published. However, adjusting for possible publication bias using the Duval and Tweedie nonparametric ''trim and fill'' method showed that the results did not change, indicating that the whole pooled results should be unbiased.
The present meta-analysis had several strengths. First, it was the biggest and most recent meta-analysis of the association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with osteosarcoma risk; thus, it was more powerful than previous meta-analysis and case-control studies. Second, a systematic review of the association of GSTM1, GSTT1, GSTM3, and GSTP1 polymorphisms with osteosarcoma risk is statistically more powerful than any single study. Third, we have performed subgroup analysis by ethnicity for GSTM1 and GSTT1 null polymorphisms and indicated that the GSTT1 polymorphism was associated with osteosarcoma risk according to the patient ethnic background. Fourth, the pooled ORs for GSTs polymorphism are assessed under all five genetic models.
However, although we have put considerable efforts and resources into testing possible association of GSTs polymorphisms with osteosarcoma risk, there are still some limitations remained from the published studies, which should be addressed. First, although we have enrolled all the eligible studies in this meta-analysis, the sample size of the included studies was not large enough, which the results could be influenced by type I and type II errors. Thus, the results lacked statistical power and reliability to confirm or refute the association of GSTs polymorphisms with osteosarcoma risk in a definitive manner. In addition, the number of studies included in this meta-analysis was relatively small for GSTM3 and GSTP1, which makes it hard to perform subgroup analysis ethnicity. Second, all included articles were published in English. Therefore, unpublished studies and studies in other languages might be missed, which produced selection bias at the start of our study. Fourth, the overall outcomes were based on individual unadjusted ORs, while a more precise evaluation should be adjusted by other potentially suspected co-variants including age, sex, life style, and environmental factors. Finally, it is well known that osteosarcoma is a multifactor disease, and it is unlikely that a single variation in a gene would be obviously associated with an increase in osteosarcoma risk. But, we had insufficient data to evaluate the effects of SNP-SNP, gene-gene and gene-environment interactions were not addressed in this meta-analysis.
In conclusion, our study suggests that GSTP1 and GSTT1 null genotype may be associated with an increased risk of osteosarcoma. Moreover, no association with osteosarcoma risk is identified in GSTM1 and GSTM3 polymorphisms. Due to the limitations mentioned above, more comprehensive and large well-designed studies are warranted to validate the present findings.
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